Spontaneous Singularity Formation in the Shape of Vortex Sheet in Three-Dimensional Flow : Analysis and Numerical Simulation(Mathematical Fluid Mechanics and Modeling) by 石原, 卓 & 金田, 行雄
Title
Spontaneous Singularity Formation in the Shape of Vortex
Sheet in Three-Dimensional Flow : Analysis and Numerical
Simulation(Mathematical Fluid Mechanics and Modeling)
Author(s)石原, 卓; 金田, 行雄




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
Spontaneous Singularity Formation in the Shape of
Vortex Sheet in Three-Dimensional Flow:














3 Lagrange $t$ $S$
2 Lagmngian parameter $\lambda_{1}$ $\lambda_{2}$ $R(\lambda_{1}, \lambda_{2}, t)$ $R$
$\frac{\partial R(\lambda_{1},\lambda_{2},t)}{\partial t}=-\frac{1}{4\pi}p.v$ . $\int\int_{S}\frac{X\cross W(\lambda_{1}’,\lambda_{2}’,t)}{|X|^{3}}d\lambda_{1}’d\lambda_{2}’$ , (1)
$p.v$ .
$X\equiv R(\lambda_{1}, \lambda_{2},t)-R(\lambda_{1}’, \lambda_{2}’,t)$ ,
888 1994 64-72 64
$W(\lambda_{1},\lambda_{2},t)=\gamma(\lambda_{1})\frac{\partial R(\lambda_{1},\lambda_{2},t)}{\partial\lambda_{2}}$ ,
$\gamma(\lambda_{1})$ $W$
$\gamma$ ( $\lambda$1) $=$ 1
$R(\lambda_{1}, \lambda_{2},0)$ $=$ $(\lambda_{1}, \lambda_{2},0)$
$(\epsilon_{2}\sin\lambda_{2}\delta,0, \epsilon_{1}\sin\lambda_{1})$ , $\backslash \cdot$ (2)
$\delta$ (2) $\epsilon$2 $=0$ Moore(1979)
2 (2)
$0<\epsilon_{1}\ll 1$ , $\epsilon_{2}=O(\epsilon_{1})$ , (3)
Moore(1979) 3
Ishihara&Kaneda $(1994a,b)$ 3





(3) (1) Moore(1979) 3
3 $t$




$1,2,$ $\cdots),$ $(m=0, \pm 1)$ $t\gg 1$ $n$
$A_{n,0}$ $A_{n,\pm 1}$ $1+t_{c}/2+\ln(\epsilon_{1}t_{c}/4)=0$
c $=0(\ln\epsilon_{1}^{-1})\gg 1$ :
$A_{n,0}=O(1/t_{c})\propto n^{-5/2}$ as $narrow\infty$ , (4)




:(1) (3) $0<\epsilon_{2}t$ $\ll 1/t_{c}$
t 2 $A_{n,0}$
(2) (3 ) $W$













$R(\lambda_{1}, \lambda_{2},0)$ $=$ $(\lambda_{1}, \lambda_{2},0)$
$(\epsilon_{2}\sin 2\pi\lambda_{2},0$ , qsin $2_{71}\cdot\lambda_{1})$ , (7)
$\delta$ $=1$ ( 2
2 $R,$ $\lambda_{1},$ $\lambda_{2},$ $\epsilon_{1},$ $\epsilon_{2},$ $t$ $2\pi R,$ $2\pi\lambda_{1},2\pi\lambda_{2},2\pi\epsilon_{1},2\pi\epsilon_{2},2\pi t$ )
(6) (7) $[0,1]\cross[0,1]$ 2 -
Ishihara&Kaneda(1994b)
(
p155 (26),(28),(29) $\beta$ -1/2 $arrow\beta$1/2 (33) $e^{(bm+\Delta y)^{2}/t}arrow e^{-(bm+\triangle y)^{2}/t}$
(34) $e^{(an+\triangle x)^{2}/t}arrow e_{o}^{-(an+\triangle x)^{2}/t}p156$ $f(\triangle z, n, m),$ $g(\triangle z, n, m)$
$\exp\{-\pi^{2}(\frac{n}{a}\tau+\frac{m}{b}\tau)\}22arrow\exp\{-\pi^{2}(\frac{n}{a}\tau+\frac{m}{b}\tau)t\}_{0})22$
i $(\lambda_{1}, \lambda_{2})$- $[0,1]\cross[0,1]$ $N\cross M$
. $W$ $\lambda_{2}$
$3\cross N\cross M$ 4
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3. 2. 1 $\epsilon_{1}=\epsilon_{2}=0.01$ $($ $)$
1 $t=0.16,0.48,0.72,0.88$ 31
2 ( ( )
2









2 $\epsilon_{1}=0.01$ $t$ $\simeq 0.588$
$\epsilon$ $N\cross M=120\cross 30$ 2
$\epsilon_{1}=0.01,$ $\epsilon_{2}\cdot=$ 0 2
Krasny(1986a) t
$\epsilon$ $=0$ 2 (6) $\lambda$2
$0(1/N)$ t Krasny(1986a)
$t_{s}^{N}$ $t$ $z(i,$ $)$ , $(i=1,2, \cdots, N)$
2
$s$ n( $t$ ) $\equiv\min_{i\neq j}(|z(i,t)-z(j,t)|)$
(Krasny(1986a) $1/Narrow 0$ 4 Moore(1979)
$t_{c}$ ) 3
$N=120$ $N=120$ $\epsilon_{1}=0.01$ $t_{s}^{120}\simeq 0.72$ .
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3 $t=0.72$ $\ln|X_{n,m}^{2}+Z_{n,m}^{2}|$ $\ln n$




3. 2. 2 $\epsilon_{1}=\epsilon_{2}=0.1$ ( )
5 $=0.1,0.2,0.3,0.4$ 1
6 $t=0.3,0.4$ $(\lambda_{1}, \lambda_{2})$ -
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